About 15 soybean proteins were shown to be recognized by sera of soybean
of many foods that elicit adverse reactions, soybean and soybean products are known as one of the major al lergenic foodstuffs, especially for Japanese, while they have been recognized as an important protein source. When 86 patients randomly-selected according to their case history (25% of 361 patients diagnosed to have food allergies with atopic dermatitis) were examined by radioallergosorbent test (RAST) using various allergen discs, the incidence of the positive response to the indi vidual food disk was estimated as follows: egg white (26.7%), soybean (14.0%), wheat (12.7%), milk (11.6%), and rice (8.1%) (1). In recent years, soybean protein isolate (SPI) prepared from defatted soybean meal has been increasingly applied in the field of food processing because of its high nutritional quality, proc essing functionality and economical basis, so that it has been difficult for soybean-sensitive patients to select allergen-free products from commercially-available processed foods (see Fig. 2 ). At the present day, a strict elimination of offending foodstuffs from diets is gener ally adopted as a conventional and effective treatment for it is the only certain prophylactic method in food al lergies. The elimination of nutritionally-fundamental or essential foods for extended periods, however, may lead to malnutrition for young patients. There is, therefore, an urgent demand for food scientists to identify the pro tein components responsible for the allergic manifesta tion by the ingestion of foods and to reduce the aller genicity for the healthy use of soybean products by soy bean-allergic patients.
In 1934, Duke (2) pointed out soybean as a possible important source of a food allergy among people taking soymilk formula as a milk substitute. In 1980, a soy bean allergen had first been demonstrated by Moroz and Yang (3) using a serum of a worker in laboratory, who might have been sensitized through air ways, and the allergen was isolated and identified as Kunitz type soybean trypsin inhibitor (KSTI immunoblotting and enzyme-linked immunosorbent assay (ELISA or sandwich ELISA) have been established using allergen specific monoclonal antibodies. The pres ent paper reviews recent information on the molecular, biochemical and immunological properties of the major allergens from soybeans and the development of hy poallergenic soybean products.
Major Soybean Allergens 1) Gly m Bd 30K The soybean allergenic protein, Gly m Bd 30K (1) which is most strongly and frequently recognized by the IgE antibodies in sera of soybean-sensitive patients with atopic dermatitis, has been characterized as a soybean seed 34 kDa oil-body-associated protein (10) . This pro tein had been identified by Kalinski et al. (11) from the fractionated soybean oil body membrane, whereas the cDNA was isolated and cloned as a vacuolar storage protein P34 with close homology to thiol proteases clas sified under a group of papain super family. The pri mary structure of Gly m Bd 30K was shown to have about 30% homology or 54% similarity with Der p 1, a house dust mite allergen that is thiol protease found in feces of Dermatophagoides preronyssius (12) . As shown in Fig. 1 the mature P34 vacuolar protein consists of 257 amino acid residues which is derived by a removal of a part of N-terminal 122 amino acid residues from a pre cursor protein with a molecular weight of about 47,000 during the maturation in a vacuole (11) . The glycosylation site of Gly m Bd 30K was established to be located on Asn170 residue of a mature protein (13) , which consists of mannose, N-acetylglucosamine, xy lose, and fucose in a molar ratio of 3:2:1:1, respec tively, indicating one of typical plant aspargine-N linked high mannose type glycans with xylose and fucose branch. The localization of Gly m Bd 30K (P34) in vac uoles of soybean cotyledons was confirmed by an elec tron microscopic immunostaining technique (14) . In recent years, IgE binding sites (B-cell epitopes) located on Gly m Bd 30K were investigated by using synthetic peptides and identified to be located on the 3-12, 100-110, 229-238, 299-308, and 331-340 amino acid residues, respectively (15) . Interestingly, all the epi tope sites recognized by human IgE antibodies were shown to be quite different from those on house dust mite allergen, Der p 1. The epitope of the monoclonal antibody of F5 (IgG), which was raised against Gly m Bd 30K using BALB/c mouse, is identified on the 115-132 amino acid residue (16) . Gly m Bd 30K was specifically associated with the proteins in 7S-globulin fraction through the disulfide linkage. This property added an important piece of information to the strategy of devel opment of hypoallergenic SPI. Furthermore, there is no soybean variety lacking Gly m Bd 30K in the stock cul ture of soybean. The cDNA was cloned and the recom binant allergen without glycan moiety was prepared from E. coli, which was recognized by sera of soybean sensitive patients, suggesting that rely m Bd 30K can be applicable for a diagnostic use as an allergen standard of RAST (17) . In addition, the distribution of Gly m Bd 30K as the index of a soybean allergenicity in soybean varieties and soybean products can be selectively deter mined by the use of monoclonal antibodies, F5 and H6 (18) (Fig. 2) .
2) GlymBd28K
A minor protein component in soybean recognized by soybean-sensitive patients with about 25% inci dence, one of major allergens named Gly m Bd 28K, was isolated and purified from 7S-globulin fraction pre pared from defatted soybean flakes (products from Indiana-Ohio-Michigan, U. S. A.) (19) . The purified aller gen was shown to be a glycoprotein with the molecular mass and isoelectric point of 26 kDa and 6.1, respec tively and an Asn-N linked glycan moiety with the same sugar composition as that of Gly m Bd 30K was identi fied to be located on Asn20 residue of Gly m Bd 28K. The N-terminal amino acid sequence analysis gave a result of FHDDEGGDKKSPKSLFMSDSTRVFK and no homolo gous proteins (peptides) could be found in a data base of proteins (20) . However, the translated complementary DNA sequence completely coincides with a part of the sequence of unknown cDNA clones reported from Glycine max (GenBank accession no. A1416520), which is assumed to encode a vicilin-like protein similar to that reported from peanuts (21) . When the soybean va rieties lacking this 28 kDa allergen were screened in the Japanese stock cultures and imported soybean seeds, about 80% of varieties examined were shown to lack Evaluation of hypoallergenic soybean products and perspec tives Hypoallergenic soybean products have been devel oped and subjected to the evaluation of usefulness under the observation of physicians and dieticians. In vitro examination of IgE binding activity was done by the use of immunoblot or ELISA techniques. In the case of in vivo examination of allergenicity, a single blind food challenge test or open challenge test is practical in evaluating the processed foods. However, the products will be served to patients who have a strict elimination diet of soybeans and soybean products during about 3 weeks under the control of physicians. A challenge test will be carried out after all symptoms disappear from the patients by the elimination of causative diet. As a standard case, the first 5 days the patients received the hypoallergenic soybean products. If no symptomatic change is recognized in the patients during this period, they will receive the control (allergen-containing) diets continuously for an additional 5 days. If some adverse reactions appear in the patients due to the presence of allergens, the challenge test will be stopped. By the pre liminary challenge trial it was confirmed that at least 80% of the soybean allergic patients could use these hy poallergenic products without any adverse reactions. Some of the products, evaluation of which have been completed, await a chance of distribution to the soy bean-sensitive patients through the physicians. In addi tion, further information on soybean allergens, sensiti zation to soybean allergens, persistence and symptoms of soybean allergy, and diagnostic features are available from a data base in Internet Symposium on Food Allergens (45) . 
